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SOLD Oy SUPREME S. i. C. TERMS-— THE WORLD'S 'EASIEST I N STALL ME NT TERMS! 



MM If MtXT m * 5 iyae * 
7 fit New 



$5.50 DOWN ■ w 
$4.95 FOR 10 MONTHS 



Ft A TUBING 



Tube-testing circuit uses exclusi%e "Floating 
Filament" return selector circuit which deals 
old man "obsolescence” a knockout blow. 
It will test any a, 5 6, 7 or 8 prong tube 
regardless of whether the filament termi- 
nates on the regular two pin terminations or 
not. It could even test any future tube with 
one of the filament connections terminating 
on a "top cap”! 

Supreme Square meter with large easily 
read scales and 1 m. a. movement (1000 
ohms per volt). 

New tube testing circuit which is easier to 
operate and more accurate than ever before. 
Sells more tubes. Results shown on English 
reading "Good Tube — Bad Tube” scale. 
Tests all elements for opens; tests shorts 
and leakages between any two elements, all 
while the tube is HOT and on neon bulb. 



e Simple tube testing system requires mini* 
J mum controls, maximum saving of time 
and more profit to you. 

Primary Volts adjuster using tapped trans- 
former, the most accurate line voltage ad- 
justment method. 

7 Extra multimeter ranges too! A combination 
' tube checker and multimeter — iust the in- 
strument to carry on service calls. 

Q Four A, C. Voltage ranges of 0/7/140/350/ 
0 1400 volts. 

9 Four D. C. Voltage ranges of 0/7/140/350/ 
1400 volts. 

1 A Three Ohmeter ranges — 0/200/2000/ 

1 u 20,000 ohms. 

1 1 Two Megohms ranges— 0/2 megs, 0/20 
A A megs. 

1 9 Electrolytic. Filter Capacitor leakage te-*t on 
x ** "Good-Bad" English reading scale. 



1 2 Electrostatic Capacitor leakage test on neon 
bulb. 

1 A Four Output measuring ranges, 0/7/140/ 

1 ^ 350/1400 A. C. volts. 

1 c Nineteen multimeter ranges and functions 

L J besides the best tube tester design ever 
offered the serviceman. 

1 /£ Only six sockets test all tubes. No question 
as to which is the proper socket to use. 

1 7 Panel only 13^ inches by 9 inches of Beau- 

A ' tiful Antique Bronze. 

1 8 Golden Oak Carrying Case. 

1 q Low ohms 0/200 ohm range has center scale 

A S reading of only 3.5 ohms! Just the unit to 
accurately measure voice coil and R. F. coil 
resistances, first division on this range is 
0.1 ohms! 
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AFTER COMPLETING 
TWENTY LESSONS 
I JOINED STATION 
WNU>C WHERE I 
AM NOW CHIEF 
OPERATOR. 
HOLDS f HAYES 
>f AAAOtfO* ST. 
LAPSED. MICK. 



I AM EMPLOYED 
BY A RADIO 
STORE, And 
EARNED about 
♦1.500 last 
year. 

CHARLfS l rawer 

*35 5 I1TH ST. 
SAN JOSE.CAUF^ 



I NOW HAVE MY 
OWN RAOfO 
BUSINESS 
AND AVERAGE 
♦ SS TO *70 
A WEEK. 
JAMES SKLAYOS 
M THIRD ST. 
(AN FRktKlWO\Allf 



rrniism 

T1.THS 



I DO RADIO 
SERVICE W0R< 
IN SPARE TIME 
AND AVERAGE 
ABOUT *11*® 
A WEEK 
J. 8 
60* 9 S 
UTICA. MICM 



\ AM NOW 

foreman over 

PRODUCTION OF 
RADIOS FOR TmE 
W G-- CORP 

OTTO CLtPrORO 
3(2 w UWN art *T. 
CHARLOTTE, NX. 



MV loudspeaker 

SYSTEM PAYS ME 
ABOUT 435 A 
WEEK. BESIDES 
MY RADIO WORK 
miltoh l utar.j/t. 

T 0 PTON, PtKH A 



THIS FREE BOOK 



HAS HELPED 
HUNDREDS OF 
MEN MAKE 
MORE MONEY 

Mai ’I Coupon , 



I AM NOW 1 
GROUND STATION 
OPERATOR FOR 
THE AMERICAN 
AIRWAYS. INC. 
AT CINCINNATI 
WALTS / I 8 MURRAY 
LUNKCN Aifttowr 
CINCINNATI, OHIO J 



AUTO RADIO AND 
N.R I. TRAINING 
ARE A GOOD 
COMBINATION 
I am building 
A fine business. 
A C HfMDR/KSiA/ 
in t MftftoVC AVC 

Elgin, Illinois 



READ THESE 9 //lUC CXptM&UX 
oF Men I Trained at Home For RADIO 




RAIN YOU AT HOME in. Spaft&Tbnc. 

for a GOOD RADIO JOB 



J. E, SMITH 
President 



Do you Avant to make 
more money? Radio 
offers you many op- 
portunities for well- 
pay in# spare time 
and full time jobs 
or for starting a Ra- 
dio service business 
of your own. And 
you don't have to 
^ive up your present 
job or leave home 
and spend a lot of 
money to become a 



National Radio Institute Radio Expeit. 

Many Radio Experts Make 
$30, $50, $75 a Week 

Radio broadcasting stations employ en- 
gineers, operators, station managers and 
pay up to $5,000 a year. Spare time Radio 
set servicing pays as much as $200 to $500 
a year — full time jobs with Radio jobbers, 
manufacturers and dealers pay as much as 
$30, $50, $75 a week. Many Radio Experts 
own and operate their own full time or 
part time Radio sales and service busi- 
nesses. Radio manufacturers and jobbers 
employ testers, inspectors, foremen, en- 
gineers, servicemen, paying up to $0,000 
a year. Radio operators on ships get good 
pay and see the world besides. Automobile, 
police, aviation, commercial Radio, and 
loud speaker systems are newer fields 
offering good opportunities now and for 
the future. Television promises to open 
many good jobs soon. Men I have trained 
are holding good jobs in these branches of 
Radio. Real! their statements. Mail the 
coupon. 



There’s a Real Future In Radio 
for Well Trained Men 

Radio already gives good jobs to more than 
300.000 people. And in 193G. Radio enjoyed 
one of its most prosperous years. More than 
$500,000,000 worth of sets, tubes and parts 
were sold — an increase of more than 60 r /o over 
1935. Over a million Auto Radios were sold, a 
big increase Over 1935. 24.000,000 homes now- 
have one or more Radio sets, and more than 
1,000,000 autos are Radio equipped. Every year 
millions of these sets go out of date and are 
replaced with newer models. More millions 
need sers'icing, new tubes, repairs, etc. A few 
hundred $30, $50, $75 a week jobs have 
grown to thousands in 20 years. And Radio is 
still a new industry — growing fast! 

Many Make S5, S10, S15. a Week Extra 
in Spare Time While Learning 

Practically every neighborhood needs a good 
spare time serviceman. The day you enroll I 
start sending you Extra Money Job Sheets 
They show' you how to do Radio repair jobs 
that you can cash in on quickly. Throughout 
your training l send you plans that made good 
spare time ni-mey — $200 to $500 a year — -for 
hundreds of fellows. My training is famous as 
' the Course that pays for itself.” 

I Give You Practical Experience 

My Course is not all book training. I send you 
special Radio equipment ami show you how to 
conduct experiments and huild circuits which 
illustrate important principles used in modern 
Radio receivers, broadcast stations and loud 
speaker installations. I show you how to huild 
testing apparatus for use in spare time work 
from this equipment. You work out the things 
you read in the lesson books. Read about this 
50-50 method of training — how it makes learn- 
ing at home interesting, quick, fascinating, 
practical. Mail coupon Cm ■ 

Please Say That You Saw It in Radio-Craft 



Money Back Agreement Protects You 

I am so sure that I can train you successfully that 
I agree in writing to refund every penny you pay 
me if you are nol satisfied with my Lessons and 
Instruction Service when you finish. I’ll send you 
a copy of this agreement with my Free Rook. 

Find Out What Radio Offers You 

Act Today. Mail the coupon now for “Rich Rewards 
in Radio.” It's free to any fellow over 10 years old. 
It describes Radios spare time and full time oppor- 
tunities; tells about my Training; shows you actual 
letters from men I have trained, telling what they 
are doing and earning. Find out what Radio offers 
YOU! MAIL THE COUPON in an envelope, or 
pasLe it on a penny post card — NOW! 

J. E. SMITH, President, Dept. 7HX 
National Radio Institute, Washington, D, C. 



MAIL NOW FOR 
BIG BOOK 






J. E. SMITH, President, Dept. 7HX, 
National Radio Institute, Washington, 



. c, 

send 



De;rr Mr. Smith- Without ohlieat Inc me. 

*' Klrll Kewiinls hi Railio,” whieli pr ints mil the 
si Hire time ami full time opportunities In Radio 
and explains your 50 r ,0 method of training men 
at home in spare time to become Kadio Experts, 
(l'leaso Write Plainly.) 
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VOLUMS f 
OfflCtAL 
HACK* 
SHtVKI 
MANUAL 



ONE PEHKY IK AlWMttt 



FOR YOUR COW OF 
VOLUME 
L. SEVEN A 



OVER 

1,800 

PACES 

★ 

OVER 3,000 ILLUSTRATIONS 
★ 



SUBSCRIBERS HAVE ALREADY RECEIVED 

Four Installments 

OF VOLUME 7 OF THE 

OFFICIAL RADIO SERVICE MANUAL 



S END for Volume 7 of the GERNSBACK Official Radio Service Manual today. You 
can make use of it every clay in your service work — and pay for it while you’re 
using it. Three easy ways to get this new Manual are outlined in the coupon below. 
Two of the plans save you money. Don't delay -clip the coupon — fill it in and mail 
today. Within a few days you will receive by mail the first four installments of 
radio’s newest service Manual. 

# Here Are the Highlights of VOLUME SEVEN • 



PUBLISHED SIMILARLY TO A MAGAZINE 

The OFFICIAL RADIO SKItVICK MANTA L (Volume 
71 is being Imbllshcd in twelve installments -ono 
installment being mailed every month to subscribers. 



DEFERRED PAYMENT PLAN 

This new Manual is sold on the deferred payment 
plan. Complete details of this "pay-as-yiHi-cuiupile-yuur- 
tnanuai" plan appears In coupon. 

150 PAGES OF SERVICE DATA 

Is sent to you every month. Each installment will 
never be less than 150 throughout the year. 

MANUAL OF OVER 1,800 PAGES 

The total amount of service data which you have 
received during the year exceeds any other service guide 
published. 

CUMULATIVE INDEX EACH MONTH 

The Index accompanying the first Installment Hsu 
all sets which appear in that section; the index mailed 
with the second installment lists sets appearing in 
both the first apd second Installments, and so on. You 
discard the Irevlous index and use the new one furnished 
with each installment. With the final, twelfth install- 
ment. the Master Index which you receive will cover, 
not only the set data you received during the entire 
year's munthly service (which constitutes Volume 7k 
but. In add! rlon. the sets listed in every GKUNSBACK 
OFFICIAL RADIO SERVICE MAN CAL since 1931. 

OVER 3,000 ILLUSTRATIONS 

The largest compilation of complete wiring diagrams, 
schematics ami (hurts ever included in a single volume 
of any radio set vice Manual. 

OVER 1,200 DIFFERENT MODELS 

More wiring and schematic and other servicing diagrams 
will be Included in Volume 7 than In any other Manual. 
At least 1.200 different models will be covered. 

ALL FRESH MATERIALS NO REHASH 

And, most Important, there will be no duplication of 
any material. In Volume 7 you will find material which 
has never ahlwared previously in the first six volumes. 



MANY 1938 MODELS TO BE INCLUDED 

At the eiul uf a year’s seniee (12 months I, subscrib- 
ers receive set vice data and diagrams on many advance 
1938 models. This niiiterl.il would ordinarily appear in 
the 1039 Edition of the MANUAL. 

NEW SERVICE DATA EACH MONTH 

Tills new plan hermits you to have in your possession 
service data just released. Previously, the material was 
a year old or moie when It reached you. Service data 
on older receivers never before published lii any other 
of the Cernsburk Manuals, will be included in Volume 7. 

COMPLETE SERVICE DATA 

Data includes such valuable informal ion as I. F. peaks, 
operating voltages, alignment Procedure, chassis and lube 
socket layouts, values of component*, lists of parts, and 
other vitally important service hints. 

SERVICE DATA AND DIAGRAMS 
NOT LISTED ELSEWHERE 

A considerably large Portion of the data appearing in 
the monthly installments will not be found in any other 
radio service Manual . . at least not for tome time to 
come. This is an outstanding advantage of this new plan. 

SIMPLE TO INSERT EACH INSTALLMENT 

You literally “Slap** them in , . . one installment on 
top of the other . . . without any fuss of arranging the 
pages numerically, alphabetically ur otherwise. You 
merely open the hinder and, with <*ie single motion, 
slip the entire group of pages over the steel binding 
posis. You don't remove the pages thereafter, they stay 
in the binder for good. We’ve done all the filing work 
for you. . . That’s all there Is to it! The sjwJally 
compiled cumulative Index (which >r»u receive with each 
installment! does the rest. Tills Index shows at a 
glance where any' required information can be found. 

EQUIVALENT TO TWO 
REGULAR SERVICE MANUALS 

since the sets covered are those manufactured during the 
latter t*«rt of 1936, ail In 1937 and many In early 1938. 
The second year (starting April, 19381 of this monthly 
service will begin with Sets manufactured during 1938. 



RADCRAFT PUBLICATIONS, INC., 99 HUDSON STREET, NEW YORK, N. Y. 



RADCRAFT PUBLICATIONS, INC. 



99 Hudson Street 



New York, N. Y. 

Please enroll me as a subscriber to Volume 7 of the GERNSliACK Official Radio Service Manual and start 
sending me immediately the installments. I have marked below the plan which I prefer. 



PLAN NO. 1 

□ I enclose $10.00 herewith, for 
which send me Immediately, KKKK 
OF CHARGE. a heavy, stiff binder, 
and the first four Installments. Send 
me thereafter fur eight consecutive 
months commencing August I, 1937. 
regularly once a monili. an average 
of 150 Pages of Volume 7 of the 
OFFICIAL RADIO SKItVICK .MAN- 
UAL These pages ran be immediately 
filed into the binder. Both the hinder 
and the monthly Pages are mailed to 
me POSTAGE PREPAID. Total cost: 
$10.00. THIS PLAN SAVES ME $2,00. 



PLAN NO. 2 

n i enclose $3.50 herewith, for which 
Fend me Immediately, FltEK OK 
CIIAItGK. a heavy, si Iff hinder, and 
the first three installments. Send 
me thereafter commencing July 1. 
1937, regularly once a month for 
nine consecutive months, an average 
of 150 page* of Volume 7 of the OFFI- 
CIAL ItADIO 8KKYICE MANUAL. 
After I have received the 3rd. 6th and 
9th installment, you are to bill me 
for $2.50 in advance for the owning 
quarter making the total cost for the 
year's service $11.00. THIS PLAN 
SAVES ME $1,00, 



PLAN NO. 

□ I Pay nothing in advance. Hack 
moil Ih ail average of 150 Page* of 
the OFFICIAL RADIO SKItVICK 
MANUAL will Ih* delivered to me 
I pay postman $1.20 plus a lew cents 
for C.O.D. charges each month for 
ten months. The eleventh and twelfth 
Installments of the subscript Ion wilt he 
delivered to me FREE OF CHARGE. 

You prepay shipping charges on all 
Installments mailed to me. With the 
tenth Installment send me FREE OF 
CHARGE a heavy, stiff binder. 



□ I want the binder sent 
with the first Installment, 
and will pay postman a total of 
$2.40 plus a few cents for C.O.D. 
charges and $1.20 per month for 
eight ccinsoeutivo months there- 
after. Under this plan, the tenth, 
eleventh and twelfth Installments 
are delivered to me FIlEE OF 
CHARGE. TOTAL COST UN- 
DER THIS PLAN $12.00. 



NAME 



ADDRESS CITY STATE 

Send remittance by check or money order. Register your letter if you send cash or unused U.S. Postage Stamps. 
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MEET ALL RADIO SERVICING EMERGENCIES WITH 

GERNSBACK RADIO MANUALS AND SERVICE HANDIBOOK 



J 1 ST «i8 we say — “Be prepared to moot all radio serv- 
icing emergencies with the Gornshack Official Radio 
Serrif e Manuals and Official Radio Service Ilandihook. 



You never know when a service joh requires that 
“extra” special attention. It might mean the difference 
between doing the joh or losing it. You’re safe if you 






New Practical 
Hinder 

Note, at the 

left, the details 
of the new bind* 
or used on this 

manual. It not 

only securely 
locks the 1200 
rages into the 

stiff leatheroid 
covers, but facili- 
tates removal and 
replacement of 
Individual pages. 



OFFICIAL RADIO SERVICE HANDIBOOK 

Here’s the sensational new book on servicing. 
It is edited by J. T. Bernsley, well-known radio 
service authority. It covers over 500 radio topics and 
gives a complete description of the “Magic Eye.” Contains 
a special section of 250 pages of Operating Notes. The 
book covers: Circuit Theory and Analysis; Modern Serv- 
icing and Test Equipment; Practical Short-cuts in 
Trouble Shooting and Repairs; Specialized Receiver and 
Installation Data; Modernization and Conversion Data; 
Social and Economic Problems of Service Men; and 
Operating Notes and Practical Data Listings. 

OVER 1,000 PAGES * OVER 1,000 ILLUSTRATIONS 

Beautiful Linen, Gold-Stamped Cover Size 6x9 Inches 



1,200 

PAGES 



PRICE 



have on hand t lie GERNS1I \C K SERVICE ROOKS— 
cither for regular service work or for servicing auto 
radio receivers. Get your copy today! 

1936 OFFICIAL RADIO SERVICE MANUAL 

Packed with service data of sets manufactured during 1935. and 
1936— SCH EM AT 1C DIAGRAMS of over 1.500 manufactured 
receivers showing speaker connections, power-transformer con- 
nectors, R.F. and I.F. coil connections, phonograph connections. 
On all set diagrams, with few exceptions, the I.F. peaks are 
indicated, also socket connections. Notes on alignment procedure 
are printed with diagrams. For over 80% of the sets you will 
find OPERATING VOLTAGES. Assembly diagrams show re- 
lationship of separate units to each other. A comhlete index of 
TRAOE NAMES and their respective manufacturers. COMPLETE 
TUBE CHART includes information on hundreds of tubes. 
CUMULATIVE INDEX contains all sets printed in the 1 93 1 • 
1932. 1933. 1934. 1935, and 1936 Manuals. 

1,200 PAGES * OVER 2.500 ILLUSTRATIONS 
Looseleaf Binder — Stiff, Hard Covers 
Size 9 x 12 Inches * PRICE 57,00 

1935 OFFICIAL RADIO SERVICE MANUAL 

Over 1,000 Pages. 9 x 12 Inches Over 3.000 Illustrations 

Flexible, Loose leaf, Leatherette Cover 
List Price $7.00 

1934 OFFICIAL RADIO SERVICE MANUAL 

Over 400 Pages, 9 x 12 Inches Over 2.000 Illustrations 

Flexible, Looseleaf, Leatherette Cover 
List Price S3.50 

1933 OFFICIAL RADIO SERVICE MANUAL 

Over 700 Pages. 9 x 12 Inches Over 2.000 Illustration* 

Flexible, Looseleaf, Leatherette Cover 
List Price 55.00 

1932 OFFICIAL RADIO SERVICE MANUAL 

Over 1,000 Pages, 9 x 12 Inches Over 2 000 Illustration* 

Flexible, Looseleaf. Leatherette Cover 
List Price S5.00 

1931 OFFICIAL RADIO SERVICE MANUAL 

650 Pages (Including Supplements) 9 x 12 Inches 

Over 1.500 Illustration* 
Flexible. Looseleaf, Leatherette Cover 
List Price $4,50 
(Including Supplements) 



AUTO-RADIO SERVICE MANUALS 

1935 MANUAL 

Over 240 Pages 9 x 12 Inches 

Over 500 Illustrations 
Flexible, Looseleaf, Leatherette Cover 
List Price $2.50 



1933 MANUAL 

Over 240 Pages 9 x 12 Inches 

Over 500 Illustrations 
Flexible, Looseleaf. Leatherette Cover 
List Price $2.50 



If your jobber or mail order house cannot xu ppht you, order 
any of the OFFICIAL RADIO Stilt VICE MANUALS or the 
OFFICIAL RA DU) SERVICE HANDIBOOK from the pub- 
lishers. Send your remittance in form of check or money 

RADCRAFT PUBLICATIONS, INC., 99 



order — or. if you send cash or unuxtd U. S. I*ostaftc Stamps, 
be sure to reyister your letter. ALL ORDERS ARE FILLED 
PROMPTLY'. BOOKS ARE SENT TO YOU POSTAGE 
PREPAID. Address Dept . RC-SS7, 

HUDSON STREET, NEW YORK, N. Y. 



GERNSBACK RADIO SERVICE MANUALS ARE AVAILABLE FROM JOBBERS AND MAIL ORDER HOUSES 
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“Takes the Resistance out of Radio” 





Editorial Offices: 99 Hudson St., New York, N. Y. HUGO GERNSBACK, Editor Vol, IX, No. 2, Aug. 1937 

TELEVISION ECONOMICS 

An Editorial by HUSO GERNSBACK 



T HERE ARE still those people, and there are a good 
many of them, who believe that the “radio interests” 
(whoever they may be!) are deliberately “holding tele- 
vision back” for dark reasons of their own. It is sur- 
prising how many people, and particularly laymen, hold 
such silly notions, when, as a matter of fact, all of the 
“radio interests,” big and little, are working day and night 
and are spending innumerable millions to perfect television 
with the hope that it will finally emerge from the laboratory 
stage. No corporation cherishes the idea of spending money 
on research, month after month, when the goal may be 
years away. Yet this is exactly what has been happening 
right along and will happen for some time to come. 

The problems of television today are quite complex. If we 
were to accept television as it is today — and it has been 
quite well developed — then, economics would stand in the 
way for a very simple reason. 

The present-day television receiver costs between $U00 and 
$600. Set against this the average price of a radio set of 
about $25, and then figure out how many television sets 
could be sold today. The answer is less than 100,000 , even 
this being a high figure. Set this figure against 27,000,000 
radio sets at present in use, and yon immediately know why 
television today is not practical. 

You can’t sell 27,000,000 television sets at from $400 to 
$600, and even if television sets could be produced at $100, 
the price would still be far above the popular level. This 
puts us right back to where we were many years ago, and 
that means that the final word in television has not as yet 
been spoken. If once we can discover and develop a revolu- 
tionary new principle in television, whereby we can sell 
sets at $50 and later on for $25, then we will have television 
in earnest, and then it will be worthwhile for the big 
sponsors to broadcast television, as sound radio is broad- 
cast today. 

It is one thing to produce, let us say, THE MARCH OF 
TIME, in a studio where the ear can be fooled by sound 
effects and where the eye cannot see perspiring actors work- 
ing in shirt sleeves. It is something entirely different to 
present THE MARCH OF TIME via television, and, w r hile 
certain illusions can still be manufactured the same as we 
manufacture them on the stage, yet even a short program 
of 10 minutes will require actors and necessary stage equip- 
ment, with expensive dresses, costumes, and all the other 
paraphernalia that goes with it. While it will be possible to 
build certain sets on miniature stages and thus fool the eye, 
we cannot have miniature human beings to complete the 
illusion. Thus, while we could fire a miniature gun in a 
battle scene, we could not have miniature soldiers doing the 
same thing, unless we took motion picture shots and pro- 
jected them by television — and for this, the public would 
probably not stand any more than they do not stand for 
phonograph records in a first-class hroadcast today. 

Even a simple production which today is reasonably cheap, 
when translated into television terms comes to an enormous 
cost. There must be dress rehearsals. There must be stage 
properties. There must be special backgrounds and a thou- 
sand and one things that radio today does not have to 
bother with. 

The question, therefore, arises: Who is going to pay for 
all of this? Suppose the television stations have finally heen 
perfected and coaxial cables have brought the television 
stations together in a perfect network all over the country, 
at an expenditure that probably would not be less than a 



half-billion dollars. Now we are getting ready to broadcast 
television, and naturally the first thought is the advertisers. 

Let us say that in a national hookup on one of our net- 
works, we buy a half-hour, as we do for a radio program 
nowadays. A half-hour’s time on a coast-to-coast hookup for 
radio broadcast time alone costs, at this moment of writing, 
approximately $6,000. To this we must add the entertainment. 
Suppose we engage a famous comedian like Eddie Cantor; he 
is reputed to get as high as $5,000 for a performance. To this 
you must add other supporting members of the cast — 
musicians, etc., bringing the talent costs for the half-hour 
up to about $6,000 for a first-class program. Added to the 
radio time cost, this gives a grand total of $12,000. In the 
future, when television has achieved the position given to 
radio today, it is reasonable to suppose that the program time 
itself will come to at least double the present cost or $12,000. 
The actors in the play, rehearsing costs, properties, etc., 
will probably run to $7,000 or $8,000 minimum, if first-class 
actors are used. This gives us a grand total of $20,000 
for a half-hour program. It can be seen from this that 
economics bulks ponderously large. 

Will the advertiser be satisfied with announcements as 
we have them today, or, will he feel that with television he 
must also have eye appeal?; if the play of which we speak 
is sponsored, let us say, by a toothbrush manufacturer, will 
the toothbrush manufacturer insist on displaying the brush 
so we can all see it? We hope not, although we can never 
tell. It is possible that an entirely new sales technique will 
be invented in order to put over such a product. We can 
thus visualize a Shirley Temple or the Dionne Quintuplets 
being shown using toothbrushes while they go through their 
morning exercises — without offending the television audience 
too much. But such stunts, too, are costly. On the other 
hand, they may pay. Just what type of television technique 
will be developed to make the advertising of the sponsors 
palatable is a thing difficult to envisage today. But that 
it will be developed in due time is a logical outcome of 
present-day broadcasting technique. In this respect, of 
course, the United States stands unique because radio sets 
are not taxed and it seems pretty certain that television 
sets will not be taxed either. That means that the broadcast 
companies must look to the advertisers to foot the bill. In 
Europe, notably England and Germany, where radio sets 
are taxed, advertising over the radio is unknown, because 
the government collects the taxes and provides the program 
from the money collected from the public. In each case, the 
economics are roughly the same. In America, broadcasting 
has survived due to indirect taxation, while in Europe, it is 
placed on the same footing by direct taxation. It is doubtful 
if another form of taxation can be evolved, but, of course, 
in the future anything may be possible, and there may be 
another system of taxation undreamt of today. If there is, 
it is not as yet in sight, and has as yet, not been invented. 

When will we have universal television? This is a ques- 
tion which is asked more persistently every day. And today 
as 10 years ago, there is no answer. All we can say is that 
we are making progress and that each month sees an im- 
provement in the art. New knowledge is being gained, but 
up to now nothing fundamentally new has been evolved in 
television that was not known 5 years ago. We simply have 
more refinements and have kept on improving. Of course, 
television will become universal in the future — never doubt 
it! But whether that will be next year or 10 years from 
now is impossible to predict at this moment. 
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THE RADIO MONTH 
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Members of the MBS staff broadcasting comments 
by servicing members of the crew of the Hlndenburg. 



RADIO AND THE 
ZEP. CRASH 

R IVAL networks claimed 
the honors of bringing 1 
to the radio listeners of 
two continents the first news of the 
tragic end of the Zeppelin Hindenburg 
which burned at the Lakehurst, N. J., 
hangar, last month. 

The effectiveness of radio as a com- 
municating medium was demonstrated 
by the speed with which the officials of 
the air line in Germany were notified — 
only a few minutes after the explosion. 

The mobile units .of NBC, CBS and 
MBS were sent speeding by airplane, 
car and rail to set up short-wave equip- 
ment at the hangar where news items 
concerning the disaster could be relayed 
to the sympathizing world. 

ORGAN VS. 
ELECTRONIC ORGAN 

A N amusing argument 
about “what is an or- 
gan” took place last 
month, with the Federal Trade Commis- 
sion as referee. 

The pipe organ makers have been 
smoldering under a barrage of “unfair 
competition” which they allege the 
makers of electric organs have been 
using. As a matter of fact, they claimed 
that it was unfair for these manufac- 
turers to even call their instruments 
“organs” since they do not use “pipes” 
or “wind.” 

After much arguing before the F.T.C. 
it was decided to leave the matter to 
organ “experts” who were asked to 
differentiate between selections played 
on two hidden organs — one pipe and the 
other electric. The “experts” were all 80 
to 90 per cent wrong — giving the deci- 
sion to the electric organ makers! 




Part of the record 1200 attendance at the IRE 
Convention at the Pennsylvania Hotel. 



THE I.R.E. “SILVER” 
ANNIVERSARY 

T HE Institute of Radio 
Engineers celebrated the 
25th anniversary of their 
founding, last month, with a convention 
in New York City. 

Thirty technical papers, representing 
the outstanding developments of the 
year in radio and television, were read 
before a record audience of radio en- 
gineers. Over 1200 members of the In- 
stitute and guests registered at the con- 
vention during the 3-day program. 

A few of the highlights of the Con- 
vention are given here for those who 
were unable to attend: — during the 
first morning a talk on “Ultra-High 
Frequency Relay Broadcasting” was 
read by W. A. R. Brown of the NBC. Mr. 
Brown described the various types of 
pack and mobile relay transmitters used 
for remote pick-ups by NBC, giving 
demonstrations of several new types in- 
cluding the “beer mug” — a tiny crystal 
controlled ultra-short wave, short-dis- 
tance transmitter weighing less than 8 
lbs. and made with two handles on the 
sides like a beer stein. 

Mr. W. Hahnemann described some 
ultra -high frequency equipment de- 
veloped in Germany for aircraft landing 
beams and some experiments in u.-h.f. 
flying beams working on a wavelength 
of 9 meters and covering consistently a 
distance of 250 to 275 miles. 

A new type of “steerable” antenna 
for long-distance reception (used in the 
trans-Atlantic phone service) which 
consists of 6 or more stationary 
rhombic aerials coupled together by 
means of coaxial cables through phase- 
shifters, was described by Mr. H. T. 
Friis of Bell Tel. Labs. 

A new graphic method of arriving at 
vacuum-tube parameters which has ad- 
vantages over previous purely mathe- 
matical methods, giving solutions where 
no present solutions exist was described 
by Mr. M. A. Acheson of Hygrade- 
Sylvania Corp. 

To wind up the Convention, Drs. 
Zworykin, Law, Morton and other RCA 
engineers presented a number of pa- 
pers on television, including a descrip- 



tion and demonstration of a new pro- 
jection kinescope (described elsewhere 
in this issue), an analysis of light in- 
tensity conditions in picking up outdoor 
scenes in iconoscope television trans- 
mitters, and descriptions of recent 
laboratory work on television. 

BEACON MARKERS 
DISCONTINUED 

S INCE our comment, last 
month, regarding the 
“fan” type marker sta- 
tion which was installed near the 
towers of station WHK to warn pilots 
from flying too low near the radio sta- 
tion, the F.C.C. notified the station 
owners that they had changed their 
minds about the use of the marker. 
Another “good idea” gone wrong? 

WARTIME 
RADIO TECHNIQUE 

I N the course of a demon- 
stration, last month, deal- 
ing with the means of 
protecting Rome against foreign inva- 
sion, the staff of radio station EIAR 
donned gas masks and operated their 
radio transmitter under wartime condi- 
tions. 

Besides the usual tasks of watching 
power and amplifier panels, riding the 
gain, etc., the technicians of the station 
conducted a complete inspection of the 
equipment from antenna to auxiliary 
power supply — performing some of the 
operations in complete darkness. 

Just one more step in the preparation 
of Europe for war! 




Itatho Proas l’lmto 



The staff of station EIAR in Rome with gas masks. 
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Radio is now such a vast and diversified art it becomes nec- 
essary to make a general survey of important monthly de- 
velopments. RADIO-CRAFT analyzes these developments 
and presents a review of those items which interest all. 



BLIND LANDING 
SYSTEM 

T HE Lorenz “blind land- 
ing” radio beam system, 
which has been received 
so enthusiastically in all parts of 
Europe, was demonstrated by the I.T.&.T. 
Co. at the Indianapolis Municipal Air- 
port, last month, before representatives 
of every large airline, the Army, Navy, 
Coast Guard and Air Commerce Bureau. 

The Lorenz blind-landing system, also 
known as the “low-approach system” 
provides an inclined radio beam from 
the landing field to a point crossing the 
regular flying beam. Crossing the land- 
ing beam are two marker beams which 
tell the pilot how far he is from the 
run-way. Signals are received both 
visually and audibly, telling the pilot 
whether he is in the proper line of 
descent and guiding him to the paved 
landing strip. 

No official comments were made about 
the three successful landings made 
through a 700 ft. ceiling, at the air field. 



BLIND MEN 
MAKE RADIO SETS 

A UNIQUE radio assem- 
bly plant under the 
PWA and the American 
Foundation for the Blind, was “dis- 
covered” last month by Radio-Craft . 
The workers in this factory are all 
blind, front the men who mount parts 
and solder connections in place, to the 
aligners and testers who put the units 
in condition for shipment. They make 
“talking books” (portable phono-radio 
units) and radio receivers. 




Blind workers making and testing phono*radio sets, 
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WOR announcer with Merrill and Lambie and their 
plane the "Daily Express." 



BROADCASTING 
AND TELEVISION 

T HIS was a “star” month 
for radio broadcasting 
and television. 

The broadcasting in 30 languages, of 
the Coronation of King George VI of the 
British Empire, over an elaborate net- 
work of short-wave beam stations, using 
23 directional arrays, some of which 
were set up especially for this event, 
set a record for the largest number of 
stations simultaneously sending the 
same program. A new monitoring sys- 
tem was used so that the same back- 
ground sounds could be used for all the 
announcers (in different languages). 

The two-way flight of Dick Merrill 
and Jack Lambie across the Atlantic, 
which was broadcast over the MBS net, 
with conversation and descriptions by 
the fliers most of the way across and 
back, sets a new precedent in keeping 
the public informed of the progress of 
a DX flight. 

The new tax on radio broadcast sta- 
tions proposed by G. H. Payne, F.C.C. 
Commissioner, was received with almost 
universal favor in Washington. And 
while this tax will bring in a large 
revenue, there are objections to it, for 
instance, it will raise the cost of broad- 
casting above newspaper ad. cost. 

A mosque in Singapore has loudspeak- 
ers installed in its minarets to blare out 
the summons to devotion above the din 
of traffic — at a sound level that can be 
heard over half-a-mile. 

It was estimated that 50,000 “tele- 
viewers” looked-in on the Coronation 
Parade, in London. 

The new television transmitter which 
CBS is installing in the Chrysler Build- 
ing, New York, has been purchased 
from RCA. 

The Soviet Union has just purchased 
3 television transmitters from RCA for 
use in Moscow, Leningrad and Kiev. 

According to II. B. Brown of Philco, 
television sets will retail for about $600. 

It is rumored that the U. S. Navy’s 
experiments in television at the Bellevue 
Laboratory, in Washington, are “dec- 
ades ahead of commercial progress.” 
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The facsimile scanner sending a "colorgram” for 
exact color matching. 



FACSIMILE 

“COLORGRAMS” 

B Y means of cooperative 
work between the West- 
ern Union facsimile 
service and the laboratory workers of 
the International Printing Ink Corp. 
it was demonstrated, last month, that 
color samples or “colorgrams” could be 
sent by telegraph, between the cities 
of New York, Chicago and Buffalo. 

By combining the recording photo- 
electric spectrophotometer developed by 
the Massachusetts Institute of Tech- 
nology with the WU facsimile system, 
the curves recorded by the spectro- 
photometer can be sent over the wires 
and analyzed at a distant place for 
exact color matching required by ad- 
vertisers, printers, designers, painters, 
cosmeticians, etc. 



THE PALEY 
AWARD FOR 1937 

T HE Paley Amateur Radio 
Award, which we men- 
tioned in these columns 
several months ago, was awarded, last 
month, to Walter Stiles, Jr., of Couders- 
port, Pa., operator of station AV8DPY 
for his work during the March 1936 
flood emergency in maintaining for 130 
hours the sole communication for 4,000 
beleaguered citizens of Renova, Pa., and 
transmitting more than 1,000 messages 
in behalf of the various official agencies 
operating in the Allegheny River area. 

The Paley Amateur Radio Award, of 
which Stiles is the first annual recipient, 
is to be presented annually “to that in- 
dividual who, through amateur radio, 
in the opinion of an impartial Board of 
Awards, has contributed most usefully 
to the American people.” 
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I N THE FOUR previous parts of this series describing an 
experimental television receiver, it was pointed out that, 
while this set is a practical working model which may 
be duplicated by those experimenters tvho wish to follow 
the development of the art of television first handy it is by 
no means the final word in how a vision set should be made. 

In the first place, for several reasons it was thought 
desirable to keep the cost of the set at a minimum consistent 
with the reception of satisfactory images when the receiver 
is not located more than a few miles from one of the experi- 
mental transmitters now in operation. The range of the set, 
tf course, like all ultra-shortwave receivers is limited by 
the nature of the waves used for television transmission. 
But, if the receiver is to be located more than a few miles 
from the transmitter, or if the signal strength for some 
other reason is low, it is desirable to increase the number of 
I.F. amplifier stages used. 

In the original model, which is operated about 7 miles 
from the Empire State transmitter, the two stages of I.F. 
in the video section of the set were found adequate. 

Concerning the subject of definition, several builders and 
prospective builders of the set have questioned the use of 
a comparatively low frequency in the video amplifier, on 
the basis that full 441-line definition is not obtained with 
such a low frequertcy I.F. While theoretically this is true, 
it was found in the original model, which at one or another 
time in the development period was equipped with several 
different I.F. amplifiers, that while 3,100 kc. was not the 




Fig. 9. Several circuit variations and two additional circuit details of video 
amplifiers for the experimenter. 



HOW TO MAKE THE 

TELEVISION 

In this Part V, additional data for construc- 
tors of the television receiver is presented. 
A few errors in the circuits and parts 
values plus a clever synchronizing circuit 
developed by a builder of the set are 
shown to aid other builders of the set. 

PART V 
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optimum frequency for best definition, considering the cost 
of a 13,000 kc. amplifier which would have to employ many 
more stages to give an equivalent gain, the loss of definition 
from the standpoint of an experimental receiver was 
negligible. 

For those builders who wish to realize the best reception 
possible regardless of cost, we advise, by all means, that a 

13.000 kc. I.F. amplifier be substituted for the specified one. 
The changes do not alter the constants of the tuned cir- 
cuits or the frequency changer, though the sound channel 
I.F. will have to be changed to beat 3.5 me. away from the 
video channel against the local oscillator. 

Incidentally a well-known coil manufacturer has recently 
placed on the market a new 13,250 kc. I.F. transformer suit- 
able for both the video and sound I.F. channels of the set.* 

With regard to the receiver construction, we believe that 
the following letter from one of the builders of the set (whose 
set is shown in the photos on these pages) will be of great 
interest to other builders. Of especial interest is the syn- 
chronizing circuit which Mr. Sobel originated for his set to 
help synchronize the pictures. The original circuit uses 
synchronizing only on the high-frequency sweep circuit, 
which is the most ready to drift and which completely dis- 
rupts the image when it does drift. Drift of the low-fre- 
quency sweep, within limits, simply causes the image to 
move up or down on the end of the tube and this drift is 
easy to control. However, the set becomes much more stable 
by the insertion of the low-frequency stabilization. 

Mr. Sobers letter follows: 

Editor, Radio-Craft : — 

I have built the television receiver as published in Radio- 
Craft Magazine. 

Inasmuch as I am convinced that many others have also 
followed this circuit, I am taking the liberty to suggest 
several changes; I have found these changes necessary for 
improved operation and to correct a few printing errors. 

Move the video stage to the tuner chassis. Change the 
0.1-meg. plate load resistor to 15,000 ohms and the 85 mhy. 
choke to 2 V 2 mhy. 

Change the constant-current pentode from type 57 to 
type 58; also, change the 5,000-ohm frequency controls to 

50.000 ohms, but do not alter the circuit except by changing 
the high-frequency discharge condenser, which in the 
diagram is 0.004-mf., to a 0.0004-mf. unit and the 0.5-mf. L.F. 
discharge condenser from a 0.5- to 0.05-mf.; also, the 0.5-mf. 
condenser leading from the II. F. sweep circuit into the deflec- 
tion plates from a 0.5-mf. condenser to 0.02-mf. 

Place a 1 meg. isolating resistor in the grid circuit of the 
C.-R. tube between resistor R35 and condenser C37 as per 
diagram. Unless this change is made, the grid of the C.-R. 
tube will be completely blocked to any video signals. 

I am also enclosing a synchronization diagram (see Fig. 
10), slightly different from the one published, including 
both the horizontal and vertical sweep circuits and working 
perfectly. 

’Name of manufacturer will be supplied upon receipt of a stamped and 
self-addressed envelope. 
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RECEIVER 

The transmissions of the Empire State television station of 
the NBC have now reached the point where almost con- 
tinual operation of the station is required by the engineers 
in charge in their field experiments on the 441 line inter- 
laced scanning. It is of interest, therefore, for experiment- 
ally-inclined radio technicians to build up equipment in 
order to familiarize themselves with the requirements of 
high-definition television technique. This article contains 
all the basic data needed to build a successful receiver. 
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I also want to draw your attention to the difference in 
frequency between the sound and the video signals. It has 
been standardized to 3.25 nic. and unless several turns are 
removed from the 5,000 kc. I.F. transformers, you cannot 
tune the sound channel to the required frequency. 

It is essential that both chassis be interconnected by a 
0.02-mf. mica condenser! 

Hoping that this will help other experimenters, I remain 

A. D. Sobel. 



We wish to thank Mr. Sobel for his kind letter and sug- 
gest that other builders try the changes he mentions. Several 
of these are due to errors in the diagrams, such as the values 
of condensers C40 and C43 which should have values of 
400 mmf. and 0.05-mf., respectively. 

However, some of the changes suggested by Mr. Sobel 
were due to differences in the characteristics of parts used. 
Such a case is the insertion of the 1-meg. resistor in the 
lead from the control-grid of the cathode-ray tube and the 
end of potentiometer R35. In the original model, this resistor 
was not needed since the slider arm on R35 was operated at 
the end near resistor R34, so that practically the entire 
resistance was inserted between the control-grid and the 
cathode, to prevent shunting of the signals to ground. This 
resistor can be used if needed, but should be omitted if it 
is not found necessary. 

An interesting and desirable change in the set recom- 
mended by Mr. Sobel is the shifting of the video (A.F.) 
amplifier from the chassis housing the cathode-ray tube to 
the receiver chassis, and changing the source of plate and 
filament power for this tube (VI 7) to the power trans- 
former of the receiver. This change ensures a constant plats 
voltage on the video amplifier which is particularly desirable. 

Another change made by Mr. Sobel, though he does not 
mention the change in his letter is the use of a thick iron- 
pipe shield over the neck of the C.-R. tube. We did not find 
the use of a shield essential to getting a straight-line “raster” 
or field, but suggested the use of a length of stove-pipe over 
the tube to prevent inductive pick-up if the raster is rippled 
or otherwise irregular. 

A word to the wise is given here — keep the cathode-ray 
tube away from transformers, chokes or speaker fields which 
have strong magnetic fields as the elements of a C.-R. tube 
can be easily magnetized and when this has occurred the 
tuhe must l>e returned to the manufacturer to be demag- 
netized before clear images can be seen again. 

And now that Mr. SoheTs suggestions have been con- 
sidered, we have a few on our own hook to make. First, 
corrections in the diagrams: — In Fig. 1, we show point 
A, where the sound channel is inserted, pointing to the 
suppressor-grid of the 956 tube, VI. This arrow should 
point to the screen-grid of VI as injection cannot be made 
at the suppressor. This change is shown in Fig. 9A. In Fig. 
4, the suppressor-grid connection of the tube V7 is not 
joined to any other circuit. This suppressor should be con- 
nected to the cathode terminal of the tube V7 socket (see 
Fig. 9B). In Fig. 5, the amplifier volume control should be 




Fig. N. Mr. Sobel's let with the table-modo! cabinet In which it is housed. 
The cabinet is laid on its back. 



0.25-meg. instead of 2.5 nieg. as specified. 

In Order to obtain smooth plate power on the C.-R. tube 
and the sweep tubes of the video chassis, it is sometimes 
necessary to shunt resistor R37 with an 8 mf. 1,000 V. 
condenser (two electrolytic condensers of 16 mf. and 450 V. 
connected in series can be used if they are well made). 

The value of resistor R59 can be increased to 5,000 or 
6,000 ohms, with improved flatness of the frequency response 
of the video amplifier. 

And concerning the video amplifier circuit, some experi- 
menters may find that they see negative images. In other 
words, the parts of the image which should be dark are 
light and vice versa. If this is the case, either the type of 
2nd-detector utilized must be changed, or what is more 
desirable, an additional video amplifier stage made accord- 
ing to the connections of Fig. 9C should be inserted between 
the present video stage and the grid of the C.-R. tube. If 
this is done, it is desirable to place both video amplifiers 
on the receiver chassis and power them from the receiver 
power supply. 

The circuit for a 2-stage video amplifier is given in Fig. 9D. 

In conclusion, we wish to say that the builders of this — or 
any other — television receiver must be both capable tech- 
nically, and willing to do some experimental work to remove 
the “bugs” which invariably enter the job at some point or 
other. A television receiver, being a good deal more complex 
than even large multi-tube radio receivers, is subject t.i a 
(Con f h*-'cd nv page 101) 
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Fig. 10. The vertical and horizontal synchronizing circuit, with high and low 
filters, used by Mr. Sobel. 
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Fig. A. Sound-wave node* and loops are visualized in ammonium chloride vapor. 



A FEW gallons of water dispersed in the atmosphere as 
fog is the basis of the greatest menace confronting 
aerial and marine navigation today. Effective control 
of this vapory menace by means of sound waves is 
forecast as a result of the recent discovery made by a 
27-year-old scientist working in the laboratories of the U. S. 
Bureau of Mines. 

Success in dispersing smoke and fog particles by floccula- 
tion (coalesence into flaky particles) produced by supersonic 
waves — sound waves above the limit of human audibility — 
and high-frequency sonic (audible) frequencies may even- 
tually give Hillary 
W. St. Clair rec- 
ognition as avia- 
tion’s greatest 
benefactor since 
the Wright broth- 
ers. 

Precious parti- 
cles of gold, silver, 
lead, eopper, zinc 
and other metals 
including poison- 
ous arsenic, at 
present either en- 
tirely lost or col- 
lected at consider- 
able cost and diffi- 
culty can now be 
easily precipitated 
as valuable by- 
products by means 
of these high-fre- 
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Fig. I. Diagram of the "fog shaker" components, quency sounds. As 



A SUPERSONIC 
"FOG SHAKER" 

Audio frequencies, from 7,000 cycles to the 
super-audible range, it has been found by 
Mr. H. W. St. Clair of the U.S. Bureau of 
Mines will dispel fog — and precipitate 
precious metals! 

ERNEST E. FAIRBANKS 

iiiiiiiiiifiiniirifiniitfifiiiiitiifTiiiiiiMiiiiiiiiiiiiimiutiiiriiiiiiiiiiiiiiiiiiiriiiiiiiiimmMiiiifiiimiiumiiiittiiiiiiiiiiiiiimii 

this new process is still further developed it is expected 
that chemical warfare methods will be revolutionized; in 
laboratory experiments it has been found possible to settle 
particles making up chemical warfare smoke screens! 

Originally assigned to a research problem dealing with 
effects of high-frequency sound waves on solid particles 
suspended in a fluid, St. Clair applied his peculiar sound 
waves to similar particles as they normally occur suspended 
in air as smoke. To do this he made a thick, opaque smoke 
by burning smelter flue dust with potassium chlorate. Con- 
fining this smoke in a long glass tube with a nickel tube 
vibrator generating supersonic waves within its lower end, 
it was possible to observe any effects taking place under 
their influence. 

THE SUPERSONIC MAGNETOSTRICTION OSCILLATOR 

St. Clair uses a magnetostrictive vibrator similar to the 
vibrator described by Gaines 4 years ago. It consists of a 
nickel tube which vibrates longitudinally by virtue of its 
magnetostrictive properties when placed in an alternating 
magnetic field. 

This magnetic field is set up by an alternating current 
in the coils shown in the diagram. The A.C. is generated by 
a Hartley oscillator using two type UV-203A tubes. The 
necessary feedback for maintaining the oscillations is pro- 
vided by the grid coil. The circuit is tuned to a frequency 
equal to the natural frequency of the nickel tube which is 
split lengthwise half-way to prevent eddy currents. Even 
then it was necessary to blow air on the tube to prevent 
it from overheating. 

An aluminum disc is placed on the end of the nickel tube 
in order to enlarge the radiating surface. The driver used 
in the original experiment had a frequency of about 7,000 
cycles per second. This frequency lies well within the audible 
range. Similar results have been obtained with inaudible, 
supersonic waves. 

EFFECT OF THE OSCILLATOR 

When the vibrator was set in operation the smoke par- 
ticles began to flocculate — condense into flaky particles — 
immediately. As the action continued these particles became 
deposited in rings on the walls of the glass tube. The 
resonating air col- 
umn within the 
tube deposited the 
floceulated par- 
ticles in rings in- 
dicating the posi- 
tions of nodes and 
loops along the 
tube. 

Other aerosols — 
extremely small 
particles — have 
been used in fur- 
ther experiments 
with supersonic 
waves. Fog (water 
vapor condensed on 
(Coni, on Pi /, 106) Fig. 2. Circuit of the set* up shown in Fig. I. 
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"TALKING PAPER" 
USES "ELECTRIC EYE 












#/ 



’The Fotoliptofono". Light reflected from 
PRINTED waveforms impinge on a PE. cell. A 
standard radio set reproduces the "record". 

GEORGES A. RUBISSOW 
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INTRODUCTION . Here is a simple , inexpensive audio 
recording and reproducing system that may sound the 
death knell of the present system of making and reproducing 
phonograph records. The following information was 06- 
tained by Radio-Craft, via the American Consulate General 
in London , from the author in Paris. Mr. Rubissow, a 
Russian refugee , is European representative of the inventor 
of the Fotoliptofono, Mr. Fernando Crudo of Buenos Aires, 
Argentina. 

— Editor. 

A FTER several years’ work a South American company 
has finally developed the most up-to-date design to 
create “talking jxiper 9 * (talking, singing, playing, etc.), 
which up till now was only a dream. 

The principal inventor of the system is an engineer, Fer- 
nando Crudo, who has specialized in different radio and 
sound reproduction experiments, since 1923, and who com- 
(Continued on page 111) 




Fig. A. The radio set at right is reproducing the "record" on the Foto- 
liptofono at left. 
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Fig. B. Reflected, not transmitted, light energizes the photocell — connected 
to an amplifier. 



A CIRCULAR-IMAGE 
CATHODE-RAY TUBE 



Entirely new design in C.-R. tubes permits 
waveform analyses in terms of polar-coor- 
dinates. The backtrace, in most instances 
an "ugly duckling," becomes useful. 



A. STAGER 



mill Ill 



A SENSATIONAL NEW cathode-ray tube makes ex- 
tremely short time intervals and decimeter wave im- 
pulses measurable. 

This new type of cathode-ray tube, recently developed in 
Europe, has an entirely new method of beam deflection. 
The function of the new tube stands for something entirely 
new in the field of cathode-ray tube design, and reminds one 
of a cross-breed between an electric motor and a cathode-ray 
tube. 



ROTATING AND MODULATING THE C.-R. BEAM 

The main trick of the new device is the combination of 
two deflection plates with a pair of coils; the latter are, 
as usual, installed outside the tube. The two plates men- 
tioned are placed directly in the propagation path of the 
cathode-ray beam (which is produced as customarily in the 
neck of the tube). When the beam enters the space between 
the 2 plates, something strange happens; it is thown out 
of its regular path of straightforward propagation, and is 
forced to rotate in a circular path. 

But this is not the only obstacle placed in the path of the 
beam. After it has passed the “mo tor-combination’' (the 
pair of coils) and the 2 plates (mentioned above) which 
forces the beam to rotate it is confronted with a cone-shaped 
condenser of coaxial design. The beam must penetrate this 
cone before reaching the fluorescent screen of the tube. 

(Continued on page 105) 




Fig. A. Manfred von Ardenne analyzing a circular waveform on fhe 
special screen. 




Diagram — Shrge 

Fig. I. A concentric coaxial condenser, C-C, revolves the electron stream. 
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A TELEVISION 
"STREAMER" 

FOR SPOT NEWS 

A combination advertising and spot-news service to remote 
points, either by radio or wire, is now available which 
transmits typed "copy" by means of television. 

ROBERT OAKHILL 

iiiiiiiiiiiiiiiiiiiiiiiiiimiiiiiiiiHiiimiiiiiniiiiniiiiiiiiiiiiiimiiiiiiiiinmimiitmiiiiiiiiiiuniMiniiiiiiiiiiiiiimiMiiiiittiiittiiihiiiiiiiiiiiiiiiiiiiiniimiiitiiuiiihittiium 



A RADICALLY new idea for the distribution of news 
and other reports to group-audiences through the use 
of television devices has been perfected. 

By combining spot news with advertising blurbs, a 
valuable service is made available for use in hotel lobbies, 
and in cafes, clubs and wherever else people congregate. 
(An idea whereby this television “streamer” may be used, 
for example, atop the delivery trucks of newspaper 
companies is illustrated, in colors, on the cover of 
this magazine; and above. — Editor) 

Unlike existing group-audience news systems 
the images produced on a narrow, horizontal 
mirror by this television method are clean-cut; 
and sufficiently brilliant to be clearly readable in 
broad daylight. Another outstanding advantage of 
this new method of eonveying typewriter informa- 
tion is that the requisite frequency channel may be 
reduced to about 8,000 cycles — a bandwidth which 
may easily be sent over existing telephone lines that 
have been corrected for ordinary broadcast program fidelity. 
This is accomplished by using 25-line image reproduction — 
which has been found to be adequate for typewritten char- 
acters — and arranging the lenses (developed by William 
Hoyt Peck, president, of Peck Television Corp.) in a manner 
to eliminate flicker. 

Still another and highly important consideration to the 
person who plans to install a television news service such 
as this is the cost. Due to the simplicity of this new system 
the equipment cost is held to an exceptionally low figure, 
which makes possible an unusually low rental price for a 
complete installation; as to maintenance, the major expense 
is the expenditure for the services of a dependable typist. 

In this connection it is important to note that a central 
bureau could be set up in each town and only one trans- 
mitter (and therefore only one typist) would be required 
to supply all the receiving instruments with the news and 
advertising programs. The receiving units except for 
periodical inspection require no more attention than is 
necessary to operate the off-on switch. 

DETAILS OF EQUIPMENT 

Of interest to the technical man is the manner in which 
the typewritten items are transmitted and received. Although 




the general idea is conveyed in the drawings and photographs 
a more detailed analysis follows. Reference will be made 
only to the photographs but perhaps the relations of the 
components will be more evident by the occasional reference 
to the drawings, Figs. 1 and 2. 

THE RECEIVER 

Figure A shows how an actual news item appears on 
the mirror when viewed from almost directly in 
front. The letters (symbols, etc.) form at the 
right side of the “streamer” and travel toward 
the left side, where they disappear; the “8” in 
the “copy” here shown hasn’t yet been completed 
and the “A” at the opposite end hasn’t started 
to disappear. The mirror is tilted at an angle 
of about 45 deg. and reflects the image built-up 
by the flying spot of light projected from below. 
This relation of the mirror and the lightbeam 
source is evident upon reference to Fig. B, which shows 
an actual installation in the lobby of a famous Canadian 
hotel. 

The receiver and projection mechanism, shown by diagram 
in Fig. IB and in close-up at Fig. C, requires only an exciter 
lamp of the 6-V. automobile headlight type. *This light 
is first polarized, then modulated (or depolarized) and 
analyzed (or re-polarized), and finally focused to a point 
from which it is reflected by means of a series of patented 
lenses; these lenses, which are mirrored on the back sur- 
face, are adjustably mounted on the periphery of a small, 
rapidly-rotating drum. The short-wave radio receiver 
utilized to receive experimental transmissions is shown, in 
the laboratory set-up pictured in Fig. C, on top of the 
cabinet, at the left side. Immediately below this and inside 
the cabinet may be seen the remainder of the receiving and 
amplifying equipment. The power pack appears at extreme 
right. The engineer is shown holding one of the special, 
highly- perfected light-modulator eells. 

THE TRANSMITTER 

The transmitter at which the news and advertising pro- 
grams originate is shown by diagram in Fig. 1A and, in 
part, by photo in Fig. D. An electric motor is geared to a 
(Continued on page 101) 
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"copy" is transmitted via radio or wire. The receiver translates these impulses into 
light rays that are projected onto a mirror (screen). 
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Fig. 2. Details of the "streamer's" receiving set-up. 
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Fig. D. Harold C. Goodridge, typing. Insert— top view of the special 
typewriter. 




Fig. E. Checking- 
up the 6-V exciter 
lamp. Insert — ex* 
perimental televi- 
sion news service 
^antenna. 




Fig. F, This close-up view of the special typewriter, and its cellophane 
tape, and typed "copy." 




i Fig. A. Chief engineer Wm. Hoyt Peck watching o televised news item 
H travel across the "streamer." 




Fig. B. An installation in the lobby of the Mount Royal Hotel, Montreal, 

Canada. 




Fig. C. The multi-mirrored scanner; and Mr, J. Francis Dusek, holding one 
of the Peck light-modulator celk. 
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may be operated at its maximum power rating on 
frequencies as high as 240 me.; while in amplifier 
circuits, where the Input and output circuits are 
isolated, It may be run to full output on fre- 
quencies as high as 300 me. (I meter). The power 
output as oscillator on 100 me. (3 meters) 
exceeds 700 W. 
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Fig, The 24 XH high-vacuum cathode-ray tube is 
very similar in construction to its larger brother 
the 34 XH (906), with the exception that it focuses 
to a screen closer to the deflecting plates. This calls 
for a change in the shape of the deflecting plates. 
The area of the screen of this tube is 4 times that 
of the 913 or I -in. C.-R. tube which increases its 
usefulness many times over the (latter) small tube. 

The 2nd. -anode operates at 600 V. (max.). 



NEW 

SPECIAL-SERVICE 

TUBES 

The backbone of the radio and electronic industries is the 
electron tube. A few new types are described. 

C. W. PALMER 





A S THE widespread fields of radio, 
television and electronics move 
rapidly forward in their path 
toward a final goal of stable, de- 
pendable service to mankind, it be- 
comes more and more evident that the 
controlling factor in progress in all 
these fields is the electron tube. 

As tubes are perfected, so also is the 
remainder of the art perfected. By this, 
it is not meant that the development of 
new and better vacuum tubes acts as 
the controlling genius which is followed 
by the remainder of the technique in- 
volved in perfecting a particular branch 
of the industry, but rather that as the 
industry advances, the call is for better 
and better tubes to keep abreast of the 
development of new and better circuits, 
parts and technique. 

By following, closely, the evolution of 
the vacuum tube, therefore, the radio 
enthusiast, technician, engineer and 
Service Man can most readily keep in- 
formed of the progress in the particular 
part of “radio” which is of greatest 
interest to him. 

An example of this reasoning is 
found in the announcement, at the re- 
cent I.R.E, convention, in New York, 
of 2 new triode tubes for generating 
R.F. currents in the high-frequency 
spectrum between 3 meters (100 
me.) and 1 meter (300 me.). Both of 
these tubes are water eooled, having a 
hollow metal jacket, around the center 
of the glass envelope, which permits 
the circulation of cold water and at the 
same time acts as an effective shield for 
the elements. 

Fundamentally, these 2 tubes feature: 
(1) no internal insulating material; 
(2) low inter-electrode capacity; (3) 
low lead inductance; (4) attached water 
jacket; and, (5) paralleled grid and 
plate leads which act as a transmission 
line (with the plate and grid elements 
as part of the tuned circuit). 

887 and 888. These tubes are so small 
that their size belies their ability to 
produce the high power of which they 
are capable. One of the triodes has a low 
mu factor and is known as the 887 while 
the other has a high mu and is labeled 
888. When used as oscillators these tubes 
can be operated with a maximum power 
input of 1,200 W. at frequencies as high 
as 240 me. (1.25 meters). In R.F. am- 
plifier circuits they can be used with 



maximum input at frequencies as low 
as 300 me. 

The “secret” of the high output of 
the 887 and 888 is the small size of the 
elements (the plate is only as large as 
a thimble) and the extremely small 
spacing between them. The small size 
reduces the capacity to a minimum so 
that the elements may be used with 
greatest effectiveness (lowest shunt 
capacity) ; and the small spacing (0.06- 
in between grid and cathode) reduces 
the “transit time” or length of time 
for electrons to pass from cathode to 
plate, to a minimum. The importance 
of this consideration can be realized 
when it is understood that at 3 meters 
the electrons must travel between 
cathode and plate in one-five hundred 
millionth (0.00000005) of a second. 

The significance of the above facts 
about these two new tubes is in the 
thousands of new channels which will 
be opened up for use between 3 meters 
and 1 meter because of the availability 
of efficient generators of power on these 
wavelengths. This may be an important 
factor in the growth of television, also, 
as these tubes will undoubtedly find 
(Continued on page 112) 



Fig. C. These two tubes, the RM2 and RK43 triodes 
were especially developed for the tiny lightweight 
transmitters used for meteorological purposes. The 
RK42 is a triode, enclosed in a cylindrical en- 
velope somewhat smaller than the usual dome- 
shaped envelope used for receiving tubes. The 
RK43 is similar to the RK42, except that it contains 
2 sets of elements (grids and plates) for more 
complex transmitter circuits. 
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NEW OSCILLOSCOPES 
USE 2-IN. C.-R. TUBE 

Service Men are here informed of the economy and effi- 
ciency presented by the new 2-in. oscilloscope tubes. 

SAMUEL C. MILBOURNE llinillllllllllllllllllllltMIIIIIIIMlMIIIIIIIIIIIIMimillMIIIIIIIIIIIIIIIMMIIIIIIIIMIIIIIIMIIIIIIII 



T HE TYPE 24XH 2-in. cathode-ray 
tube now enables Service Men to 
purchase oscilloscopic equipment at 
a cost far below that necessary for 
3-in.-tube apparatus; and with the 
assurance that the apparatus will ac- 
tually perform in a worth-while manner. 
The 2-in. tube does not supersede the 
3-in. tube, rather, it augments it and 
so broadens the economic availability of 
oscilloscopic units that no Service Man 
can now claim “I haven't got the price.” 
Deferred payment plans are now offered 
and these should be utilized to the ut- 
most as they enable the Service Man to 
equip his shop with the most modern 
of instruments and to pay for them 
as he earns. 

The biggest drawback to the 3-in. 
tube and associated apparatus is its 
initial cost. Three-inch tube equipment, 
without signal generator or wobbulator 
usually costs in the neighborhood of 
$100. This cost is necessitated by the 
original cost of the tube itself, and the 
necessity for having a power supply of 



around 1,000 or more volts for supply- 
ing the tube’s elements. 

(Continued on page 118) 
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Fig. 2. Th. circuit, with valu.t of parts, of th. new oscilloscope. Not. th. 2 amplifiers. 




KEEPING 

VOLTAGE CONSTANT 



Facsimile and television demand constancy of current sup- 
ply — a vital topic which the author ably discusses. 



HARRY F. DART 
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M OST REGULATOR TUBES fall into one or two gen- 
eral classes, namely, (1) filament types and (2) 
gaseous types. Since the principle of operation of these 
tubes, as well as their application, falls into two rather dis- 
tinct classes, the groups are most conveniently considered 
separately. 

As indicated by the name, the filament type of regulator 
tubes ordinarily use a filament mounted in a bulb containing 
a cooling gas. The material of the filament should have 
a step in its resistance characteristic so that there is a 
portion of the curve over which the voltage changes to a 
relatively large degree while the current is changed by 
only a relatively small extent. Iron and tungsten wire have 
been found very satisfactory for this service. 

To reach the proper portion of the characteristic curve, 
the tube must be filled with a heat-conducting gas which 
“cools” the filament by maintaining it at proper critical 
temperature. Hydrogen has been found best for this purpose 
because it is a good conductor. It conducts the filament heat 
to the bulb where, by convection, the surrounding air acts 
as a further conductor. With hydrogen there is a minimum 
of risk that the filament will oxidize or that its character- 
istics will otherwise suffer adverse changes. 

The action of the filament when mounted in an atmosphere 
of hydrogen is best represented by the accompanying char- 
( Continued on page 104) 



Fig. A. left. A new 
Westinghouse crater lamp 
with scanning focus of 
200 lines — double the 
present focus. 



Fig. B. Type AW-200 H.F. generator. Fig. C. WL*706; WL-896 (regulators). 
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1929 

cathode-ray tube receiver 

BROADCASTING WAVE 
OPERATION 



(JU U 1L l 



LINES 



COLOR OF IMAGE REPRODUCED 
IN'SEPIA", SCREEN EFFICIENCY. 
1.06 CANDLE POWER PER WATT. 



1931 

CATHODE-RAY TUBE receiver 
SHORT-WAVE OPERATION 






theatre 
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RECEIVER REPRODUCEDBLUISH- 
COLOR I MAGE. SCREEN EFFICIENCY 
0.23 -CANDLE POWER 
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1934 

REALMOOERN TELEVISION 
RECEIVER UrS.W OPERATION 



240 

LINES 



RECEIVER REPRODUCED 
GREENISH IMAGE. SCREEN 
EFFICIENCY ABOUT 0.86- 
CANDLE POWER PER WATT. 



PERFORMANCE QUALITY OF 
HOME MOVIE AROUNO THE 
YEAR 1918-1920 



1936 

TELEVISION RECEIVER EASIER 
TO OPERATE BECAUSE NUMBER 
OF TUNING UNITS CONSIDERABLY 
REDUCED 



imcvie theatre 



3 uh\s \ $ 800 

BRIGHT APPEARING 
IMAGE OF YELLOW-GREENISH 
.COLOR. SCREEN EFFICIENCY 
1.54 CANDLE POWER 
PER WATT, 



1937 

FIRST REAL INSTRUMENT 
FOR ENJOYABLE HOME 
ENTERTAINMENT 



441 I, $600 ■ 

LINES ^ 

BLACK-WHITE IMAGE 
FULL OF DETAILS. 
SCREEN EFFICIENCY ABOUT 
3.5 CANDLE POWER 
PER WATT. 



COMPARABLE WITH A MODERN 
B MILLIMETER HOME PROJECTOR 
AS FAR AS PERFORMANCE, QUALITY 
ANO DETAILS OF IMAGE ARE CONCERNED. 
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Fig, 2. Television compared to motion pictures. 



THE 

BALANCE SHEET 
OF TELEVISION 

This careful analysis of available informa- 
tion concerning television here and abroad 
concludes with some amazing deductions. 

W. E. SHRAGE 
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T HE ART of television although more than 50 years old 
ha r - never before made such impressive and remarkable 
progress as in the past 12 months, A single fundamental 
achievement which justifies this statement is the recently 
effected increase in the number of scanning lines from 343 
to 441. 

This achievement when presented in the colorless language 
of arithmetic symbols probably does not mean much to 
the average amateur and Service Man. However, let's look 
at the same facts but from another point of view. This 
changed point of view is interestingly portrayed in Fig. 1. 
The diagram shows an electric sign reading “RADIO." 
Most of its letters (as shown at A) consist of approximately 
10 electric bulbs. And now something which may sound 
surprising at first — this sign has about the same quality of 
form and detail as 60-line television had around 1929. 
A convincing proof of this comparison is given in the 
following test. 

Let's look, from a a very short distance, at a sign of the 
type shown in Fig. 1A. An illegible, glaring “bulb-collec- 
tion" meets the eye. If seen from afar, only a weak and 
quite “washy" image is visible. That's exactly the way 
60-line television used to appear. If seen from a distance, 
too-close a number of disconnected lines was presented to 
the eye. If looked at from far off, a weak image with a 
pronounced lack of details glowed somewhere in the dark. 

But this type of television transmission had distinct 
advantages as Fig. 1A indicates. A 60-line image consists 
(as the table at the right side shows) of only about 4,800 
picture points (or image elements) — resulting in a very 
low degree of detail. However the required bandwidth is 
also very small. A 60-line television transmission when 
radiated on a wavelength within the broadcast range 
occupied the space of about 12 broadcast transmitters (each 
of a bandwidth of 5 kc.). 

This requirement caused the use of the short-wave band 
between 200 and 300 meters for television transmission. 
The most pronounced advantage of 60-line television recep- 
tion was the “narrow" bandwidth of the amplifiers required 
in these receivers. The bandwidth was, of course, approxi- 
mately 12 times as broad as the 5 kc. bandwidth of con- 
temporary broadcast receivers. But, as we shall see, the 
design problems were not as involved as in the case of 
present television amplifiers of tremendously extensive 
bandwidth. One additional resistance-coupled stage added 
to a customary A.F. amplifier equalized the decrease of 
amplification caused by the attenuation applied to permit 
the amplifier to pass a band of 63 kc. 

1929 

It is quite amusing to read today what magazines of 1929 
had to tell about this type of television. But seen from a 
realistic point of view this type of television when compared 
with present requirements is: “entirely inadequate" as the 
diagram of Fig. 2A readily explains. Nevertheless the 
audience was quite satisfied, as much as our parents were 
with the “nickelodeon" performance which in more than one 
respect resembled that of 60-line television. 

The “nickelodeon’s" image was of a brownish color, and 
approximately the same performance quality was presented 
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by the cathode-ray tube receivers of 
1929. The screen of this receiver would 
glow in a fluorescent light of a “flat” 
sepia color, despite the fact that the 
screen efficiency was surprisingly high, 
namely 1.06 candlepower per watt. 

And finally, a word about the price 
of a 60-line television receiver with 
cathode-ray tube would not be amiss. 
As Fig. 2A shows, it cost about $2,000 
per set ! This seems extremely expensive 
compared with the results obtainable. 
But we have to consider that all of 
these sets were custom-built affairs, and 
cost the manufacturer at least three 
times as much as he dared to ask for it. 
A cathode-ray tube alone which was 
able to reproduce an image of 3x3 ins. 
(see Fig. 3 A) was priced at about $400. 
Considering all these facts, and compar- 
ing them with the performance quality 
of modern talkie exhibition (which, 
after all, is the only sensible standard) 
we derive an efficiency factor of ap- 
proximately 1 per cent for the 60-line 
television transmission. 




Fig. I. Bandwidth, lines and definition of different television images. 



1931 

Considerable improvement was shown 
in the 120-line television transmission 
which was achieved around 1931. Al- 
though the screen size increased to 3x4 
ins. (see Fig. 3B), and the number 
of picture elements to approximately 
19,000 (see Fig. IB), the efficiency fac- 
tor of this type of television transmis- 
sion did not increase to more than 4 
per cent. 

The reason becomes obvious upon 
observing as example the “RADIO” 
sign presented in Fig. IB. The char- 
acteristic form of the letters is now 
much better reproduced but no one 
could claim that too much detail is 
presented. Considering this lack of de- 
tail and the decreased illumination 
power of the screen (0.23-candlepower 
per watt — because of the new type of 
bluish image applied) one can't be far 
wrong in saying: “A 120-line television 
transmission has about the same per- 
formance qualities as the ‘CINEMA 
THEATRE' of 1905”— that is: “hardly 
passable”! (See Fig. 2B.) 

“Time marches on,” and after 1931 
television engineering started to make 
strides as never before. The “RADIO” 
sign of Fig. 1C is a practical compari- 
son. The number of picture elements 
increased to 77,000 but also the re- 
quired bandwidth increased (to about 
1,024 kc.). Only the ultra-short wave- 
band could accommodate the require- 
ments of such a tremendous bandwidth, 
which, in the parlance of the broadcast 
range, is as broad as required by 200 
broadcasting stations. As Fig 1C clear- 
ly indicates, this type of television 
transmission can by no means be called 
excellent, since the performance quality 
was about as mediocre as the per- 
formance of the home movie around 
1918-1920, and the judgment of E. W. 
Engstrom who determined the per- 
formance quality of a 240-line trans- 
mission as “satisfactory” still stands as 
an approximately correct evaluation. 

1934 

The year 1934 not only brought us 



images of larger size (increase of 
screen dimensions to 5x7 ins. — see Fig. 
3C) but alsO the more efficient green 
fluorescent light (with a factor of 
0.84-candlepower per watt — as in- 
dicated by Fig. 2C); during this year 
also the regular design and production 
of television receivers was started in 
Europe. 

Despite all the improvements men- 
tioned so far, and despite the increased 
cost in manufacturing a television re- 
ceiver (because it had to pass a fre- 
quency band of 1,000 kc. without cut- 
ting the edges) the price of a 240-line 
television set (with an image size of 
5x7 ins.) decreased to $1,200. This price 
still seems exorbitantly high, but one 
should try to figure out how much he 
would have to pay if he had the desire 
for a hypothetical broadcast receiver 
with a band-pass width about 142 times 
as broad as a contemporary high-fidelity 
set of 7 kc. bandwidth, and he will then 
appreciate the need for the price. And 
besides, a television set consists not only 
of an image receiver but of an ultra- 
short wave sound receiver as well! 

1936 

Then came the eventful year of 1936. 
American television engineering per- 
fected the 343-line television transmis- 
sion. They increased the size of the 
image to 6x9 ins., and the number of 
picture elements presented per second 
to approximately 150,000. But this is 
not all. The screen efficiency increased 
to 1.54-candlepower per watt, and in- 
stead of the “eye-straining” greenish 
hue characteristic for television receiver 
of 1934 vintage a pleasant yellowish- 
green fluorescent light was used to re- 
produce the image. 

However, there was one point that 
only a few of the experts failed to 
point out — a bandwidth of approxi- 
mately 2,250 kc. was necessary to trans- 
■ mit the image impulses required for a 
343-line television performance. They 
argued that this tremendous bandwidth 
(which is equal to the space covered 
(Continued on page 102) 
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Fig. 3. Relative efficiencies of images. 
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